The synthesis of DITOX, both in racemic and enantioenriched forms, was accomplished via sulfur oxidation of 1,3-dithiane or 2-acyl-1,3-dithiane derivatives, using chiral oxaziridines for the asymmetric process. The conjugate addition reaction of the -sulfinyl carbanion derived from DITOX, prepared by deprotonation using the mixture of bases NaHMDS/n-BuLi, to the bicyclic -lactam unit of C-10b substituted dihydropyrrolo[2,1-a]isoquinolones led diastereoselectively to the corresponding trans isomer.
Introduction
Asymmetric 1,4-addition reactions to -unsaturated carbonyl compounds are among the most frequently used methods for stereoselective C-C bond construction. 1 The utilization of chiral sulfur-based stabilized carbanions has shown great promise as a powerful method in asymmetric Michael-type reactions. 2 Thus, Toru et al. have reported that the reaction of chiral -sulfinyl carbanions derived from p-tolyl -(trimethylsilyl)ethyl sulfoxides with -unsaturated carbonyl compounds or esters gives the conjugate addition products with complete stereoselectivity. reacted with (CH3)3CCO2Et to afford the 2-acyl-1,3-dithiane 7 in a 63% yield. Asymmetric sulfur oxidation was accomplished upon treatment of a solution of 7 in CCl4 with oxaziridine 6 to afford sulfoxide 4 in quantitative yield as a mixture of diastereomers. Finally, elimination of the pivaloyl group by treatment with aqueous (5%) NaOH under reflux gave (-)-(S)-DITOX 3 in good yield. The enantiomeric excess determined by CSP HPLC was 66% (lit.
17 87%) by comparison with the racemic mixture (Chiralcel OD, 9% hexane/2-propanol). The value of the specific rotation (see scheme 4) allowed us to assign the absolute configuration of sulfoxide as S.
Scheme 4. Reagents and conditions:
(a) NaHMDS, THF, 0 º C to rt, 1h; n-BuLi, 0 º C to rt, 30min; (CH3)3CCO2Et, rt, 2.5 h (b) Oxaziridine 6, CCl4, 0 º C to rt, 2 days. (c) aqueous (5%) NaOH, EtOH, rt to reflux, 24 h.
Conjugate addition reaction was next examined. We had previously shown that conjugate addition reactions of -lithiodithioacetals to the -unsaturated lactam unit of pyrrolo[2,1-a]isoquinolones does not need the presence of an activating group attached to the unsaturated system to give regio and stereoselectively 1,4-addition. 18 Thus, we studied the addition of the -sulfinyl carbanion derived from racemic DITOX to pyrrolo[2,1-a]isoquinolone 1a. The 1,3-dithianyllithium could be efficiently prepared by using the mixture of bases NaHMDS/n-BuLi at 0ºC. However, although several reaction conditions were tested, the DITOX derived anion was not reactive enough, and no reaction was observed if the lactam 1a was added at this temperature, and the reaction mixture was allowed to warm up to rt. Therefore, we focused our attention on the conjugate addition to unsaturated lactam 1b with an activating benzyloxycarbonyl group at the  position of the lactam carbonyl group. After extensive screening of conditions, it was found that conducting the reaction with -sulfinyl carbanion derived from DITOX (prepared as described above) provided diastereoselectively the trans isomer 2 in moderate yield (56%). However, variable amounts of the product 8, formed by addition of lithium trimetylsilylamide were always obtained. The use of the mixture of NaHMDS and n-BuLi is crucial for an efficient deprotonation, as no addition product was observed when the bases were used separately.
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Scheme 5. Reagents and conditions: (a) DITOX, NaHMDS, THF, 78 ºC, 10 min; n-BuLi,  ºC, 10 min; lactam 1b, rt, 24h.
NOESY and COSY experiments confirmed the stereochemistry of tetrahydropyrroloisoquinoline 2. Thus, the J value of the system formed by H-1 and H-2 protons (J = 2.6 Hz) indicates that both protons are in a pseudo-equatorial disposition. Besides, NOE difference spectroscopy showed an enhancement between the methyl group in C-10b and H-1 and between the methine proton of the 1-oxodithianyl group and H-2. The absence of NOE enhancement between methyl group on C-1 and the 1-oxodithianyl group on C-10b, confirms that they are in a relative trans disposition. The rest of the NOE experiments carried out were fully consistent with the proposed stereochemistry. It is interesting to note that the 1,10b-trans stereochemistry observed in 2 is the opposite of that obtained for the addition of 2-lithio-1,3-dithiane to pyrroloisoquinoline 1a, that afforded the 1,10b-cis adduct 9 as a single diastereomer. 18 In this case, the increased bulk of the nucleophile precludes the parallel attack from the exo face, leading to a 1,10b-trans enolate intermediate, which is protonated to give the more stable 1,2-trans adduct (Scheme 6).
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Scheme 6. Stereochemical outcome of the conjugate addition reaction.
In conclusion, in contrast with our previous results with sulfur stabilized anions 18 the addition of a DITOX derived sulfinyl anion to the -lactam requires the introduction of an electron withdrawing group on C-2, leading to the trans substituted adduct 2 in moderate yield and high stereoselectivity.
Experimental Section
General Procedures. Melting points were determined in unsealed capillary tubes and are uncorrected. IR spectra were obtained on KBr pellets (solids) or CHCl3 solution (oils). NMR spectra were recorded at 20-25 ˚C, running at 250 or 300 MHz for 1 H and 62.8 or 75.47 MHz for 13 C in CDCl3 solutions. Assignment of individual 13 C resonances are supported by DEPT experiments. Mass spectra were recorded under electron impact at 70 eV. Exact mass was obtained using a TOF detector. GC-MS analyses were performed using a TRB-1 column (methyl polysiloxane, 30 m  0.25 mm  0.25 m). Elemental analyses were performed with a 2400 CHN Perkin-Elmer analyzer at the Servicios Generales de Investigación (SGIker) of the University of the Basque Country. TLC was carried out with 0.2 mm thick silica gel plates. Visualization was accomplished by UV light. Flash column chromatography 19 on silica gel was performed with Kiesegel 60 (230-400 mesh). All solvents used in reactions were anhydrous and purified according to standard procedures. 20 Organolithium reagents were titrated with diphenylacetic acid or N-benzyl benzamide periodically prior to use. All air-or moisturesensitive reactions were performed under argon; the glassware was dried (130 ˚C) and purged with argon.
(1RS)-DITOX (3).
A solution of m-CPBA (2.1 g, 12.5 mmol) in dry CH2Cl2 (62 mL) was added over a solution of 1,3-dithiane (1 g, 8.3 mmol) in dry CH2Cl2 (42 mL) at 0 °C. The reaction mixture was allowed to reach rt and stirred for 16 h. Then the mixture was washed with (sat.) Na2SO3 (3  15 mL), H2O (1  15 mL) and (sat.) NaCl (1  15 mL). The aqueous phase was extracted with CH2Cl2 (3  15 mL). The combined organic extracts were dried (Na2SO4) and concentrated in vacuo. (1RS)-2-(2,2-Dimethylpropanoyl)-DITOX (4) . A solution of NaHMDS (1.15 mL of a 0.70 M solution in hexanes, 0.81 mmol) was added over a solution of (RS)-DITOX (3) (100 mg, 0.73 mmol) in dry THF (10 mL) at  78 °C. After 10 min, n-BuLi (0.6 mL of a 1.36 M solution in hexanes, 0.81 mmol) was added. The resulting solution was stirred at this temperature for 10 min and (CH3)3CCO2Et (0.56 mL, 3.68 mmol) was added. The reaction mixture was stirred for 2.5 h. The reaction was quenched by the addition of saturated NH4Cl (10 mL). The organic layer was separated and the aqueous phase was extracted with Et2O (1 15 mL) and CH2Cl2 (3  20 mL). The combined organic extracts were washed with 10% aq. NaOH (2 25 mL), brine (2 25 mL), and H2O (2 25 mL), then dried (Na2SO4) and concentrated in vacuo. Column chromatography (silicagel, CH2Cl2 100%→AcOEt 100%) afforded 2-acyl DITOX 4 as mixture of diastereomers in an anti/syn 70:30 diastereomeric ratio ( 16 A solution of (-)-[(3-oxocamphoryl)sulfonyl]imine (3.0 g, 13.2 mmol) was added to a solution of CH(OCH3)3 (16.5 mL, 150.8 mmol) and conc. H2SO4 (0.66 mL) in MeOH (9 mL). The resulting mixture was heated at 85-90 ºC for 4h. After allowing the reaction mixture to cooled to rt, CH(OCH3)3 (4 mL, 36.6 mmol) and MeOH (1.32 mL) were added and it was heated at 85-90 ºC for 1 h. The organic layer was separated and the aqueous phase was extracted with CH2Cl2 (3 25 mL). The combined organic extracts were washed with H2O (2  15 mL) and brine (2 15 mL), then dried (Na2SO4) and concentrated in vacuo. Crystallization from EtOH afforded imine (+) 16 To a solution of (+)-imine 4 (460 mg, 1.68 mmol) in dry CH2Cl2 (2 mL) at 0 ºC, a saturated K2CO3 solution (10 mL) was added. After 5 min under vigorous stirring, a solution of m-CPBA (465 mg, 2.69 mmol) in dry CH2Cl2 (8 mL) was added. The reaction mixture was stirred at this temperature for 16 h. The organic layer was separated and the aqueous phase was extracted with CH2Cl2 (3 20 mL). The combined organic extracts were washed with H2O (1  15 mL), (sat.) Na2SO3 (2  15 mL), H2O
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(1  15 mL), and brine (2 15 mL), then dried (Na2SO4) and concentrated in vacuo. 2-(2,2-Dimethylpropanoyl)-1,3-dithiane (7) . 17 A solution of NaHMDS (18.3 mL of a 0.70 M solution in hexanes, 12.8 mmol) was added over a solution of 1,3-dithiane (1.32 g, 10.7 mmol) in dry THF (20 mL) at 0 °C. The resulting solution was stirred at rt for 1h and n-BuLi (9.15 mL of a1.4 M solution in hexanes, 12.8 mmol) was added. After 30 min at rt, (CH3)3CCO2Et (1.96 mL, 12.8 mmol) was added and the reaction mixture was stirred for 2.5 h. The reaction was quenched by the addition of saturated NH4Cl (10 mL). The organic layer was separated and the aqueous phase was extracted with Et2O (1 15 mL) and CH2Cl2 (3  20 mL). The combined organic extracts were dried (Na2SO4) and concentrated in vacuo to afford 2-acyl-1,3-dithiane 7 (1.37 g, 63%) as a white solid: mp (Et2O): 109-111 ºC; IR (KBr) 1688 cm 
1S,2R) and (1S,2S)-2-(2,2-Dimethylpropanoyl)-DITOX (4)
. 17 Oxaziridine 6 (3 g, 10.35 mmol) was added to a solution of 2-acyl-1,3-dithiane 7 (1.37 g, 6.73 mmol) in CCl4 (80 mL) at 0 ºC. The reaction mixture was allowed to reach rt, stirred at this temperature for 2 days, and then filtered off. Column chromatography (silicagel, CH2Cl2 100%→AcOEt 100%) afforded 2-acyl-DITOX 4 as mixture of diastereomers in an anti/syn 70:30 diastereomeric ratio (1.47 g, 99%). The spectroscopic data were identical to those of the corresponding racemate. To the diastereomeric mixture of (1S,2R) and (1S,2S)-2-(2,2-dimethylpropanoyl)-DITOX (4) (237 mg, 1.08 mmol) aqueous (15%) NaOH (1.44 mL) and EtOH (3.6 mL) were added. The reaction mixture was heated under reflux for 24 h. (1RS,2SR,10bSR)-2-benzyloxycarbonyl-8,9-dimethoxy-10b-methyl-1-(1-oxo-1,3-dithian-2-yl)-1,5,6,10b-tetrahydropyrrolo[2,1-a]isoquinolin-3-one (2) and (1RS,2SR,10bSR)-2-benzyloxycarbonyl-1-(1,1,1,3,3,3-hexamethyldisilazan-2-yl)-10b-methyl-8,9-dimethoxy-1,5,6,10b-tetrahydropyrrolo[2,1-a] 0.28 mmol) in dry THF (5 mL) was added. The resulting solution was stirred at rt for 24 h. The reaction was quenched by addition of NH4OH (12% aq.) (10 mL). The organic layer was separated and the aqueous phase was extracted with Et2O (10 mL) and CH2Cl2 (3  15 mL).
The combined organic extracts were dried (Na2SO4) and concentrated in vacuo. Column chromatography (silicagel, 96% hexane/AcOEt) afforded adducts 2 and 8. Both compounds were separated by chromatography and characterized separately. (1RS,2SR,10bSR) 
